Health-related quality of life (HRQOL) is an important goal of therapy for chronic myeloid leukemia (CML) patients treated with current molecular-targeted therapies. The main objective of this study was to investigate factors associated with long-term HRQOL outcomes of CML patients receiving imatinib. Analysis was performed on 422 CML patients recruited in an observational multicenter study. HRQOL was assessed with the Medical Outcomes Study 36-Item Short-Form Health Survey (SF-36). Key sociodemographic and clinical data were investigated for their association with HRQOL outcomes. Chronic fatigue and social support were also investigated. Univariate and multivariate linear regression analyses were used to identify independent factors associated with HRQOL outcomes. Fatigue was the only variable showing an independent and consistent association across all physical and mental HRQOL outcomes (Po0.01). Differences between patients reporting low versus high fatigue levels were more than eight and seven times the magnitude of a clinically meaningful difference, respectively, for the role physical (D ¼ 70 points) and emotional scale (D ¼ 63 points) of the SF-36. Fatigue did not occur as an isolated symptom and was most highly correlated with musculoskeletal pain (r ¼ 0.511; Pp0.001) and muscular cramps (r ¼ 0.448; Pp0.001). Chronic fatigue is the major factor limiting HRQOL of CML patients receiving imatinib.
INTRODUCTION
Five-year relative survival rates of chronic myeloid leukemia (CML) patients have increased from 23, for those diagnosed during 1980-1986, to 80% for those diagnosed between 2001 and 2008. 1 This reflects the major advances made in the treatment of this disease due to the advent of tyrosine kinase inhibitors (TKI), with imatinib being the first TKI approved for the treatment of CML patients. 2 The number of people living with this disease has doubled since 2001, and this trend is expected to continue. The prevalence of CML in 20 years might become 1 in 1000 inhabitants in countries using TKI for all new patients. 3 Although recent data indicates that survival of CML patients, who are in complete cytogenetic response (CCyR) with imatinib therapy, is not statistically significantly different from that of the general population, 4 health-related quality of life (HRQOL) differences do exist. 5 Also, the proportion of patients reporting at least one nonserious adverse event, has been shown to increase over the time with up to 52.6% of patients reporting at least one nonserious adverse event after 8 years of treatment. 4 Although these are of mild severity, it is likely that chronic toxicities in CML might significantly interfere with patients' daily life and function, and compromise their HRQOL. 6 We have previously investigated the HRQOL of patients treated with long-term imatinib therapy, by comparing their HRQOL profile with that of their peers, without cancer, in the general population. 5 A key finding was that younger patients (that is, those aged between 18 and 59 years) were those with the greatest limitations compared with their peers. 5 However, factors that are associated with long-term HRQOL outcomes of CML patients are not known, 7, 8 and in the current analysis we examine a wide range of potentially relevant variables. Such information would have important clinical implications, for example, to lay the groundwork for developing targeted supportive care programs for CML survivors.
In addition to key socio-demographic and clinical data, and considering the chronic nature of the treatment, we hypothesized that also fatigue and social support could be important factors associated with patient outcomes. The impact of fatigue on patients' HRQOL might be substantial, 9 and in our previous report we found that fatigue is the most prevalent symptom, being reported by 82% of CML patients treated with imatinib. 5 Fatigue is also often associated with other symptoms in cancer patients. 10 Also, social support has been shown to be a key issue in enhancing HRQOL of cancer survivors, 11 and research has suggested that support from family members may have a key role in the adjustment to the disease and treatment. 12 The main objective of this study was thus to investigate factors associated with long-term HRQOL outcomes of patients in CCyR treated with imatinib therapy. A secondary objective was to investigate the relationships between fatigue and other treatment-related symptoms.
PATIENTS AND METHODS

Study sample and design
This was a multicenter cross-sectional study involving 26 GIMEMA affiliated centers. Eligibility criteria included patients in treatment with imatinib, as first-line therapy, in the early chronic phase of the disease, and having received imatinib for at least 3 years. Patients had to be, at least, in CCyR at the time of study entry. Freedom from psychiatric conditions hampering a HRQOL evaluation was also an inclusion criterion. Patients with a secondary malignancy or those who had received any kind of therapy prior imatinib (except for hydroxyurea and/or anagrelide) were not eligible. Ethic Committees of each participating center approved the study and all patients provided written informed consent.
Data collection and variables examined
Eligible patients were approached in the hospital and invited to participate by their own treating physician, and those consenting were given a survey booklet to be completed at home. Additional details on study logistic of this study are provided in our previous report. 5 The survey included standardized patient-reported questionnaires and other questions related to patients' experience of the disease, including job problems (that is, changes in work situation owing to the CML diagnosis and the related treatment). The following socio-demographic variables were examined for their possible association with HRQOL outcomes: age, gender, education (compulsory school versus high school or higher) and marital status (married versus other). Because of their clinical relevance, the following baseline (that is, at diagnosis) variables were also investigated: Sokal risk (low versus medium/ high), comorbidity (0 versus X1) and Eastern Co-operative Oncology Group performance status (0 versus X1). Also, time in responding to therapy (that is, from treatment start to first CCyR) was considered. Patients were defined as 'early' and 'late' responders, respectively, if they obtained a CCyR within 1 year of treatment or after 12 months. 13 Duration of therapy and dose of imatinib (400 mg/day versus other doses) at the time of study inclusion were also investigated.
Patient-reported outcome measures HRQOL physical and mental health dimensions, as measured with the Medical Outcomes Study 36-Item Short-Form Health Survey (SF-36) (version 1), were the primary outcomes investigated in this analysis. The SF-36 is a well-established generic HRQOL measure used in several studies with cancer survivors. 14, 15 This questionnaire consists of 36 items yielding eight scales: physical functioning (PF), role limitations due to physical problems (RP), bodily pain (BP), general health perceptions (GH), vitality (VT), social functioning (SF), role limitations due to emotional problems (RE) and mental health (MH). The eight scales provide a score ranging between 0 and 100 with higher scores representing better health outcomes. The following scales: PF, RP, BP and GH are regarded as mainly related to the physical health, while VT, SF, RE and MH are mainly related to mental health of patients.
Fatigue was evaluated with the Functional Assessment of Chronic Illness Therapy (FACIT)-Fatigue scale. This is a simple 13-item psychometrically robust questionnaire that assesses self-reported tiredness, weakness and difficulty conducting usual activities due to fatigue. It has undertaken a rigorous validation process showing excellent psychometric properties. 16 This scale has been used in several studies of patients with hematological malignancies, demonstrating the sensitivity of this measure when compared with the general population and other cancer patients with different grades of anemia. 17 Additional symptoms were measured with an ad hoc CML symptom survey. 18 The following symptoms were examined for their possible association with fatigue: abdominal discomfort, diarrhea, edema, headache, muscle cramps, musculoskeletal pain, nausea and skin problems. Patients indicated on a four-point Likert scale the extent, to which they had been bothered: not at all, a little (that is, mild), quite a bit (that is, moderate) and very much (that is, severe).
Social support was assessed with the multidimensional scale of perceived social support (MSPSS). The MSPSS is a 12-item validated scale, evaluating the perception of the adequacy of social support from friends, family and significant others. 19 In this study, we considered the global social support MSPSS summary scale. This is a psychometrically sound measure previously used in other cancer studies. 12 Statistical methods SF-36 scales were scored according to standard guidelines. 15, 20 Considering the paucity of HRQOL data on CML patients, 7 based on which to make a thoughtful selection of specific scales to be investigated, all physical and MH-related aspects were examined in this study. First, univariate linear regression analyses were performed to select candidates for the multivariate models (Po0.2). After having checked for possible high correlations among variables to be included in the analyses, multiple linear regression 21 was used to identify a set of independent factors associated with SF-36 scales, via a stepwise selection procedure. Variables were included in the model based on an entry criterion of 0.05 and removed according to a stay criterion of 0.05. Bootstrapping was used as additional supportive analysis to investigate the importance of each single variable being included in the selected multivariate model. 22, 23 For each SF-36 scale, stepwise selection procedure was applied to 5000 bootstrap-generated samples, using the initial set of candidate variables considered in this study. The inclusion frequency of each variable in the final models was inspected to further evaluate its independent association with the corresponding SF-36 scale (that is, the higher the percentage of inclusion, the higher the importance of the variable). 22 Coefficients estimates and 95% confidence intervals are reported. To account for multiple testing, the significance level of the final models was Bonferroni corrected by dividing a ¼ 0.05 by 8, that is, the number of SF-36 scales. Clinical significance of HRQOL outcomes was evaluated and eight points were considered to be a minimally important difference for the SF-36 scales. 24 Minimally important difference can be regarded as the smallest difference in score that patients perceive as beneficial or harmful. Differences in scores smaller than the minimally important difference can be considered as not relevant, independent of their statistical significance, and were used in this study to facilitate interpretation of the magnitude of impact of covariates on HRQOL outcomes. For descriptive purposes, and to ease interpretation of data, the cohort was divided into four groups based on the Functional Assessment of Chronic Illness Therapy-Fatigue scores quartiles, and patients were defined as having low, low-medium, medium-high and high fatigue levels. SF-36 scales and patient-reported symptom intensity were summarized according to fatigue levels. All analyses were performed with SAS Version 9.2 (SAS Institute Inc., Cary, NC, USA).
RESULTS
Out of 448 eligible patients enrolled, 422 (94%) returned the survey booklet and were used for this analysis. Median time in treatment with imatinib was 5 years (range: 3-9.3 years). The majority of patients (77%) were in treatment with standard imatinib dose of 400 mg/day at the time of study inclusion, and 34% of patients, out of the 344 who were working at the time of diagnosis, reported having had job problems due to their disease and related treatment. Details of the population analyzed are reported in Table 1 .
Factors associated with physical-related HRQOL outcomes In the multivariate analysis, the following factors were independently associated with a better physical functioning: younger age, Fatigue and quality of life in chronic myeloid leukemia patients F Efficace et al being male, higher education and less fatigue (Po0.01). A younger age was also an independent factor associated with less bodily pain, and a better general health status (Po0.01). Details are reported in Table 2 . Fatigue was the only factor with a statistically significant association, at the multivariate level, with all the physical-related scales (Po0.01). Additional bootstrap analysis confirmed that fatigue had the highest inclusion frequency for all scales.
Factors associated with mental-related HRQOL outcomes In the multivariate analysis, older age, greater social support and less fatigue were independently associated with better social functioning (Po0.01). A greater social support was associated with better MH (Po0.01). Additional details are reported in Table 3 . Lower levels of fatigue were significantly associated with better outcomes in all scales (Po0.01). As shown for physical-related HRQOL outcomes, fatigue had the highest inclusion frequency for all scales in additional bootstrap analysis.
HRQOL and job problems by fatigue severity As fatigue was found to be the main variable associated with all physical and mental HRQOL outcomes in multivariate analyses, for descriptive purposes in Figure 1 , we report mean scores of the SF-36 scales by levels of fatigue. Patients' role limitations in daily activities due to RP and RE were found to be the most compromised aspects by fatigue severity. Differences between patients with highest versus those with lowest levels of fatigue were, respectively, more than eight and seven times the magnitude of a clinically meaningful difference for the RP (D ¼ 70 points) and RE scales (D ¼ 63 points) (Figure 1 ). There was a statistically significant association between fatigue and job problems (Po0.001). To illustrate, medium-high to high levels of fatigue were reported by 65% of patients who had job problems and only by 34% of patients who did not report any problem due to their disease and treatment.
Fatigue and its relationship with other symptoms Investigation of fatigue levels by other symptoms revealed a greater overall symptom burden in patients reporting higher fatigue. As an example, whilein patients reporting high fatigue there were 60% also reporting severe musculoskeletal pain, in the group with low fatigue there were only 4% of patients with severe musculoskeletal pain. Although with different percentages, this pattern was consistent across all treatment-related symptoms investigated. Details are reported in Figure 2 . Additional correlation analyses between fatigue and other symptoms, revealed that musculoskeletal pain (r ¼ 0.511; Po0.001) and muscular cramps (r ¼ 0.448; Po0.001) were the two mostly correlated symptoms with fatigue.
To further explore whether fatigue was still the most powerful factor independently associated with HRQOL, compared with musculoskeletal pain and muscular cramps, additional analyses were performed. Multivariate analyses were rerun twice for all SF-36 scales, replacing fatigue with either musculoskeletal pain or with muscular cramps. For all scales, fatigue was the variable contributing the most in explaining all physical and mental HRQOL outcomes. Results are displayed in Table 4 .
DISCUSSION
The main finding of this study was that chronic fatigue is the main factor limiting the HRQOL of CML patients who receive long-term imatinib therapy.
Out of all the key socio-demographic and clinical variables examined in this study, only fatigue showed a robust and consistent association across all physical and mental HRQOL dimensions. The magnitude of the HRQOL differences between patients with high versus those with low fatigue levels was very large. Fatigue greatly impacted on the extent, to which the physical health and the emotional problems limited the work or other usual activities of patients in terms of time and performance (RP and RE scales of the SF-36) (Figure 1 ). Higher levels of fatigue were more common in patients who reported having had job problems, further confirming the limitations imposed by fatigue on patients' daily life. We also explored, in multivariate analysis, the potential impact on HRQOL of musculoskeletal pain and muscular cramps, but fatigue was still the main contributing factor in explaining physical and mental HRQOL impairments.
Our findings in this CML population receiving a targeted therapy are consistent with data reported for patients with solid tumors treated with conventional anticancer treatments. 25 It is difficult to put our findings in relation to the wider literature as no study has investigated this issue in CML patients. 8 However, the negative impact of fatigue on HRQOL was also documented in patients with acute myeloid leukemia (AML) treated with conventional chemotherapies. 26 Using the same self-reported fatigue measure of our study, Alibhai et al. 26 found that fatigue had a wide ranging negative impact in all domains of HRQOL of older AML patients receiving intensive or non-intensive 
Age at study entry (years) On this scale, the higher the score the higher is the level of perceived social support.
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Fatigue and quality of life in chronic myeloid leukemia patients F Efficace et al chemotherapy up to 6 months from diagnosis. Our findings are new and also extend our previous results 5 by showing, for the first time, that fatigue is not only a frequently reported symptom, but it is also by far the most important factor negatively affecting patients' daily life.
Imatinib has been shown to have a less toxic profile than previous interferon based therapies used to treat CML patients, 27 and one could have expected a lower impact of fatigue on patients' HRQOL. However, we found that even small differences in fatigue severity (that is, between patients reporting low versus low-medium levels) corresponded to clinically meaningful impairments in all physical and mental HRQOL domains (Figure 1 ). Activity enhancement, physically based therapies and psychosocial interventions have been recommended to reduce cancerrelated fatigue in patients receiving active treatments 10 and, current data, suggest these should be highly considered in supportive care programs for this population.
Given the chronic nature of the disease, we also hypothesized that social support could have had an impact on patients' HRQOL.
Previous data in patients with solid tumors and leukemia have shown the important role of social support in enhancing HRQOL of cancer survivors, 28, 29 and, in this study, we partially supported this evidence. A greater social support was an important aspect associated with better MH-related aspects, but not for physicalrelated aspects.
Another important finding was that fatigue in this population does not occur by itself but clusters with other symptoms. Patients who reported higher levels of fatigue also reported a higher symptom burden and this was consistent across all symptoms examined (Figure 2 ). Although not directly comparable, due to the different study design, our findings confirm recent preliminary data. 30 Nazha et al. 30 in a sample of 148 CML patients receiving various TKI, including imatinib, nilotinib, dasatinib and bosutinib, found that higher levels of fatigue were associated with higher severity of other symptoms, such as muscle soreness, malaise and swelling. In our analysis, fatigue was mainly correlated with musculoskeletal pain and muscular cramps, and a similar association has also been documented in patients with other Figure 1 . HRQOL aspects by fatigue severity. Horizontal axis shows CML patients classified into four groups based on their fatigue levels, that is: low, low-medium, medium-high and high fatigue. These correspond, respectively, to the 4th (75th to 100th percentile), 3rd, 2nd and 1st (0th to 25th percentile) quartile of Functional Assessment of Chronic Illness Therapy (FACIT)-Fatigue scale. On this scale, the higher the score the lower is the level of fatigue. Vertical axis shows the score of the SF-36 scales (ranging between 0 and 100), with higher scores indicating better health. The D are calculated as the difference in SF-36 scale mean scores between patients with low-medium, medium-high and high fatigue versus those with low fatigue levels. A difference exceeding at least 8 points, can be considered as a clinically meaningful difference. (a) Physical health-related aspects; (b) Mental health-related aspects.
Fatigue and quality of life in chronic myeloid leukemia patients F Efficace et al chronic medical conditions, such as those with HIV/AIDS receiving antiretroviral therapy. 31 Current data emphasize the need of studies addressing how treatment-related symptoms interact with one another.
This study has a number of strengths. So as recommended by international guidelines, 10 fatigue was reported by patients themselves using a well-validated and solid questionnaire. 32 Also, we could rely on a large sample size, which allowed for adequate powered analyses. Finally, our findings are generalizable to the majority of CML patients currently being treated in the real world setting (that is, those who reach at least a CCyR with imatinib therapy).
Our study also has potential limitations. The cross-sectional study design allowed an examination of statistical associations and not of causal relationships. Also, current findings cannot be extended to CML patients who switched from first-line imatinib therapy to other TKI.
In summary, our results show that fatigue is the major factor limiting HRQOL of CML patients receiving long-term imatinib therapy. Fatigue is also associated with other symptoms, mainly with musculoskeletal pain and muscular cramps. Future therapeutic strategies, tailored on the individual patient characteristics, could be crucial in reducing chronic fatigue and ultimately improve HRQOL outcomes. Figure 2 . Intensity of key treatment-related symptoms by fatigue severity. Low, low-medium, medium-high and high correspond, respectively, to the 4th (75th to 100th percentile), 3rd, 2nd and 1st (0th to 25th percentile) quartile of FACIT-Fatigue scale. On this scale, the higher the score the lower is the level of fatigue. Symptoms investigated by fatigue severity were rated by patients on a four-point Likert scale (that is, 'not at all' , 'a little' , 'quite a bit' or 'very much') and, for descriptive purposes, answers on the categories 'quite a bit' and 'very much' (that is, moderate to severe) were combined. The table shows adjusted R 2 coefficients of multivariate regression models. For each scale, the set of independent variables is the same as shown in Tables 2 and 3 for multivariate analysis, replacing fatigue with either musculoskeletal pain or muscular cramps. An adjusted R 2 closer to 1 suggests a better model fit.
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